The photolysis of dihaloamines (RNX 2 ), viz., dichloramine-B (DCB) and dibromamine-B (DBB) in aqueous acetic acid (1:1 v/v) solutions has been studied with the UV light source (λ = 2537 Å). The experimental rate law obtained is -
Introduction
Variety of reactions undergone by aromatic sulphonyl haloamines has attracted the attention of many investigators. The chemistry of these compounds is due to their ability to act as sources of halonium cations, hypohalite species and N-anions, which act as both bases and nucleophiles. As a result, these reagents react with a wide range of functional groups effectively induce an array of molecular transformations. These reagents have been widely used as chlorinating / brominating / oxidizing agents in synthetic chemistry. Also, they are extensively used in the analytical determination of various organic and inorganic substrates. Although monohaloamines are soluble in water, dihaloamines are employed as redox titrants in non-aqueous or partially aqueous media.
Dichloramine-B and dibromamine-B are important members of these classes of compounds. Mechanistic investigation of semicarbazide 1 , thiosemicarbazide 2 and its metal complexes 3 with DCB has been reported. The reactions of unsaturated alcohols 4 , isoniazid 5 , methionine and its complexes 6 , thiocyanate ion 7 and amino acids 8 with DCB have been studied. Crystal and molecular structure studies of DCB 9 have been reported. Analytical determination of cyanide 10 , thiocyanate 11 , thiosemicarbazide 11 and various inorganic and organic compounds 12 have been carried out with DBB. Bromination of hydrocarbon 13 , oxidation of ether 14 and kinetics of reaction of tetrahydrofuran 15 with DBB have been reported.
Photolysis of aqueous chloramine-B 16 and bromamine-B 17 under UV light radiation produces DCB and DBB respectively as major products. Conductometric study of the interaction of metal ion solutions with aqueous chloramine-B 18 and bromamine-B 19 produces DCB and DBB respectively. In continuation of our work on photochemical decomposition of organic haloamines 16, 17, 20, 21 and N-halogenosuccinimides 22 , the present paper reports the quantum yield and kinetics of photochemical decomposition of DCB and DBB in aqueous acetic acid solutions.
Experimental
Dichloramine-B was prepared 4 by passing chlorine through an aqueous solution of chloramine-B. Chloramine-B was prepared 23 by passing pure chlorine for one hour through benzenesulphonamide dissolved in 4M NaOH and heated to 70 o C. The product was recrystallized from water. 30 g was dissolved in 500 mL of water and pure chlorine was bubbled through the solution for about 2 h. The white precipitate of DCB formed was filtered off under suction, thoroughly washed with water and dried in a blackened vacuum desiccator (m.p. 74 o C). The product was stored in brown bottles. The available chlorine was determined by iodometry (found 31.0%; theoretical 31.4%). Dibromamine-B was prepared 24 by bromination of chloramine-B. Golden yellow precipitate of DBB obtained was washed with water and dried (m.p. 109 o C). The available bromine was determined by iodometry (found 50.70%; theoretical 50.74%).
Dichloramine-B and dibromamine-B are only slightly soluble in water (DCB: 0.125 g L -1 , DBB: 0.339 g L -1 at 30 o C), but fairly soluble in glacial acetic acid, methanol and other common organic solvents. An approximately 0.1 N (0.025 M) solution of DCB and DBB were prepared in 1:1 (v/v) water-acetic acid. Solutions of DCB and DBB were standardized iodometrically and preserved in brown bottles to prevent photochemical decomposition. All other reagents were of AR grade. All solutions were prepared in doubly distilled water.
The UV irradiation was carried out with a Phillips (Holland) low-pressure mercury vapour lamp (15 W) and the wavelength of the light 25 was 2537Å. The experimental setup has been described elsewhere 26 . Exactly 10 mL of DCB / DBB solutions were taken in quartz cells and exposed to UV light radiation for various intervals of time. The photolytic decomposition was studied for more than two halflives. The extent of photochemical decomposition of DCB / DBB solutions was determined by iodometric titration of the experimental solution and comparison with a blank solution wherever necessary. The intensity of the light (I o ) falling on the system was determined using uranyl oxalate actinometer 25 .
A SPECORD 50 UV-VIS spectrophotometer with 1.0 cm matched quartz cells was used in the UV spectral studies. A direct reading conductivity meter (ELICO CM 80) and a digital pH meter (ELICO L1 610) were used for conductance and pH measurements respectively. Regression analysis of the experimental data to obtain the regression coefficient, r, was performed using fx-570 MS scientific calculator.
Results and Discussion
The photochemical decomposition kinetics of DCB / DBB in aqueous acetic acid solutions has been studied in the concentration range of 0.01 -0.0008 mol L -1 . The results of photochemical decomposition of DCB and DBB solutions (0.003 mol L -1 ) at λ = 2537 Å and the intensity of incident light, I o = 1.458 ×10 29 -35 o C. A slight decrease in k on photolysis was noticed by the addition of NaCl and NaBr to DCB and DBB solutions respectively (Table 2) . ) had no significant effect on the rate constant, k ( Table 2 ). All these observations indicate no side reactions.
The pH measurements showed that, the solution of DCB / DBB become slightly acidic (DCB: from ~1.26 to ~ 1.02; DBB: from ~ 1.62 to ~1.37) upon irradiation and slightly yellow colouration was noticed after photolysis in the case of DBB. The conductivity of the solution slightly increases after photolysis (DCB: from ~ 1.05 mS to 1.42 mS; DBB: from ~1.04 mS to 1.38 mS). No apparent change was noticed in the UV spectra of the products upon photolysis. Using the TLC technique (petroleum ether : chloroform : 1-butanol = 2:2:1), only one spot was noticed in both cases with iodine as spray reagent (R f = 0.88) indicating the formation of BSA in the irradiated solution of DCB / DBB. Liberation of free chlorine and bromine from photolytic solutions of DCB and DBB respectively has been noticed, which was tested by starch iodide paper. No complex mixture 27 or resinous products 28 were observed.
Based on the observed results, the rate law for the photochemical decomposition of RNX 2 in aqueous acetic acid solutions is given by the equation (1) Dichloramine-B and dibromamine-B like dichloramine-T and dibromamine-T furnishes different reactive species in aqueous and partially aqueous solutions depending upon the pH of the medium [29] [30] [31] [32] . The following equilibria exist in aqueous or partially aqueous solutions of RNX 2 The above photolytic mechanism is well supported by the fractional value of quantum yield (φ) observed for the photochemical decomposition, as not every excited species (RNX 2 ) * will take part in the reaction. As the RNX 2 solutions become more dilute, there is a greater penetration of light through the system and also the deactivation rate for the reaction [(RNX 2 ) * + RNX 2 → 2RNX 2 ] is smaller and this factor tends to increase the rate with dilution. However, the small variation in the quantum yield (φ) observed for the photolysis of RNX 2 in the concentration range of 0.01 -0.0008 mol L -1 is not significant and it is within the limits of the experimental error. Probably by using a high intensity of light (>10 18 quanta s -1 ), more information could be obtained further on the photolysis of RNX 2 solutions. Also, it is found that the rate of photolysis of DBB is nearly 2.2 times greater than that of DCB solution in the concentration range of 0.0008 -0.01 mol L -1 .
It may be concluded finally that the rate of disappearance of RNX 2 is proportional to first power in I o and inverse first-order with respect to [RNX 2 ] in the photolysis experiment. The results with the addition of uranyl ion were unsuccessful for photosensitization. The main products formed are RNH 2 and chlorine / bromine.
